We investigate the pump-wavelength dependence of the THz generation from a novel spintronic THz emitter. We also add a weak cavity which reduces the transmission of the pumpwavelength and enhances the THz emission by a factor of four in intensity at a target wavelength.
I. INTRODUCTION
ver recent decades, a number of experiments and applications using the Terahertz (THz) wavelength range have been developed and implemented. These fields of research cover a wide array of topics, including biological research, medical and security imaging and quality control in factory lines 1 . Hence, an efficient, well-characterised THz emitter is required in a wavelength range where progress is still necessary to close various shortcomings in THz technology. Recently, a new kind of thin-film spintronic THz emitter has gained significant attention 2,3 . These, like many common THz emitters, are typically driven by visible and infrared (IR) femtosecond pulsed laser systems due to their wide-spread use. Studies have shown that some of these spintronic THz emitters have high efficiencies for their nanoscale thicknesses 2,3 .
II. SPINTRONIC EMITTER
We systematically study a version of the spintronic emitter composed of a 1.8 nm ferromagnetic CoFeB layer between adjacent 2nm nonmagnetic W and Pt layers 4 , shown in Fig.1 . Using a THz time domain system with a femtosecond Ti:Sapphire laser and an optical parametric amplifier, we are able to characterise the wavelength dependence of the THz generation. THz emission was investigated using wavelength-tunable near-infrared pump pulses (duration ~150 fs, spot diameter ~4mm, and fluence ~0.1 J m -2 ) incident normal to the emitter surface. We then used an Oriel monochromator and quart-tungsten Halogen bulb to measure the transmission of the excitation wavelengths.
For the THz emitter alone, we find the efficiency of the THz generation is essentially flat when excited by 150 fs pulses over wavelengths ranging from 900 to 1500nm, as shown in Fig. 2 . This demonstrates that the spin current does not strongly depend on the pump photon energy, which could aid further development and applications for these types of emitters. The transmission across this wavelength range is also essentially flat.
III. DIELECTRIC CAVITY
We then study the effect of adding a weak cavity in the form of adding TiO2 (thickness 113nm) and SiO2 (thickness 185nm) dielectric overlayers, as shown in Fig 1. These layers were designed to decrease the transmission of the excitation wavelength, allowing for safer use in future experiments. Moreover, by placing the lower index dielectric material, it is possible to form an intensity maxima in the active THz generation layers and maximise the THz generation at a target wavelength. The layers are optimised to give a flat response at the target excitation wavelength of 1040nm. In analyzing the effect of these dielectric overlayers, we also used modal matching to model the behavior of the emitter without and with the dielectric cavity. Once we added the dielectric layer, we also observed a wavelength dependence in the THz generation, enhancing the emission by a factor of up to four in intensity at the target wavelength, as shown in Fig.2 . This increase is observable across the range of excitation fluences investigated. We also observation a reduction in the THz generation, at ~1390 nm, where the transmission also peaks. Correspondingly, we find a significant reduction in pump transmission over a narrow range of wavelengths, dropping from ~60% to 3% at the target wavelength. 
